tanA Ap (apar_1020) gene was cloned and expressed in Escherichia coli BL21 (DE3). The 26 overproduced TanA Ap protein was purified to homogeneity. It exhibited optimal activity at 27 pH 6.0 and broad temperature range, being these properties compatible with its action 28 during food oral processing. However, purified TanA Ap protein presented the lowest 29 specific activity among bacterial tannases (3.5 U/mg) and was unable to hydrolyze 30 complex tannin, such as tannic acid. These biochemical properties discard a main role of 31 TanA 
ampicillin was added to the medium at a concentration of 100 μg/mL .1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 (three times at 1,100 psi). The insoluble fraction of the lysate was removed by 139 centrifugation at 47,000 g for 30 min at 4 ºC, and the supernatant was filtered through a 140 0.2 μm pore-size filter and then loaded onto a Talon Superflow resin (Clontech) 141 equilibrated in phosphate buffer (50 mM, pH 6.5) containing 300 mM NaCl and 10 mM 142 imidazole to improve the interaction specificity in the affinity chromatography step. The 143 bound enzyme was eluted using 150 mM imidazole in the same buffer. The purity of the 144 enzyme was determined by SDS-PAGE in Tris-glycine buffer. Fractions containing the 145 His6-tagged protein were pooled and analyzed for tannase activity. 146 147
Enzyme activity assay 148 149
Tannase activity was determined using a colorimetic assay using rhodanine, specific 150 for gallic acid (Inoue & Hagerman, 1988) . Rhodanine reacts only with gallic acid and not 151 with galloyl esters or other phenolics. Gallic acid analysis in the reactions was determined 152 using the following colorimetric assay. Tannase enzyme (100 μg) in 700 μl of 50 mM 153 phosphate buffer pH 6.5 was incubated with 40 μl of 25 mM methyl gallate (1 mM final 154 concentration) during 5 min at 37 ºC. After this incubation, 150 μl of a methanolic 155 rhodanine solution (0.667% w/v rhodanine in 100% methanol) was added to the mixture. 156
After 5 min incubation at 30 ºC, 100 μl of 500 mM KOH was added. After an additional 157 incubation of 5-10 min, the absorbance at 520 nm was measured on a spectrophotometer. 158
A standard curve using gallic acid concentration ranging from 0.125 to 1mM was 159 prepared. One unit of tannase activity was defined as the amount of enzyme required to 160 release 1 μmol of gallic acid per minute under standard reaction condition .1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   8   164 The optimum pH value of TanA Ap was determined by measuring its activity at 165 different pH values (3.0-10.0). The following buffers all at 100 mM were used for the 166 assay: acetic acid-sodium acetate (pH 3.0-5.0), citric acid-sodium citrate (pH 6), sodium 167 phosphate (pH 7), Tris-HCl (pH 8), glycine-NaOH (pH 9), and sodium carbonate-168 bicarbonate (pH 10). The rhodanine assay was used for the optimal pH characterization of 169 tannase. Since the rhodanine-gallic acid complex forms only in basic conditions, after the 170 completion of the enzymatic degradation of methyl gallate, KOH was added to the 171 reaction mixture to ensure that the same pH value (pH 11) was achieved in all samples 172 assayed. Determinations were done in triplicate. 173
The optimum temperature of TanA Ap 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 recombinant plasmid was transformed into E. coli BL21 (DE3) and expressed under the 238 control of an inducible IPTG promoter. Cell extracts were used to detect the presence of 239 overproduced proteins. SDS-PAGE analysis showed that there was one major band of 240
protein, approximately 66 kDa, in the intracellular soluble fraction of the pURI3-Cter-241
TanA Ap cells, which was absent in the control pURI3-Cter cells (Fig.1) . The molecular 242 weight of the overproduced protein was consistent with the calculated molecular weight of 243 TanA with gallic acid to give a red complex with a maximum absorbance at 520 nm. Rhodanine 254 assay was used to determine the specific activity of TanA Ap , simultaneously, the activity 255 of the previously described TanB Lp tannase from L. plantarum was also determined as 256 reference. Using methyl gallate as substrate, the specific activity of TanA Ap purified 257 enzyme was 3.5 U/mg, 116 times lower than that of TanB Lp (408 U/mg). This low specific 258 activity could indicate that even though tannase action from A. parvulum could begin 259 almost immediately after food ingestion, its contribution to tannin breakdown might not be 260 relevant .1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 In relation to the biochemical properties of the enzyme, TanA Ap showed optimal 262 activity at pH 6 ( Fig. 2A) , slightly more acidic than the optimal pH for TanB Lp (pH 7). 263
During food oral processing, saliva provides buffering effects. It was indicated that the pH 264 of saliva rises during the first 5 min after the intake of most foods, and falls to around 6, or 265 lower, approximately15 min after food consumption (Humphrey & Williamson, 2001) . 266
Therefore, TanA Ap could found an adequate pH for activity during food oral processing. 267
Despite the optimum temperature of TanA Ap was 55 ºC, at 37 ºC, the physiological 268 temperature for humans, 80% of the maximal activity was found. Similarly, more that 269 80% maximal activity was obtained at 20, 42, and 65 ºC (Fig. 2B) . Tannase TanB Lp from 270 L. plantarum showed maximal activity at 40 ºC, having only 50% of the maximal activity 271 at 30 or 60 ºC. The thermal stability profile for TanA Ap is shown in Fig. 2C . According to 272 the thermal stability profile, TanA Ap was most stable at temperatures between 37 and 65 273 ºC, and more than 60% enzyme activity remained after 18 h at 45 ºC (Fig. 2C) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 additive effect observed would suggest that there are notable structural differences among 287 both bacterial tannases, TanA Ap from A. parvulum, and TanB Lp from L. plantarum. 288
Despite the low specific activity showed by TanA Ap , this protein posses 289 biochemical properties compatible with its action during food oral passage, since its pH 290 and temperature for activity are provided by the human saliva during food processing. 291
Oral processing occurs during a short time period, however, it has been described that 292 during the short period of oral processing, about 50% of bread and 25% of pasta starch are 293 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   14 in Fig. 3 , none of the esters assayed were significantly hydrolyzed. Methyl, ethyl, and 312 propyl gallate and ethyl protocatecuate were minimally hydrolyzed. Lauryl gallate, 313 possessing a long aliphatic alcohol chain, was not hydrolyzed at all (data not shown). 314
Contrarily to these results, L. plantarum tannase (TanB Lp ) was able to fully hydrolyze 315 gallic esters even those having an alcohol substituent as longer as lauryl (C12) (Curiel et 316 al, 2009). Structural differences among both bacterial proteins will be responsible of the 317 different spatial requirements observed for tannase activity. 318
It is noteworthy to mention that the colorimetric rhodanine assay used for the 319 detection and quantification of tannase activity is much more sensitive that the analysis of 320 the reaction products by HPLC. By using methyl gallate as substrate, the rhodanine assay 321 allowed to determine properly the biochemical properties of TanA Ap assayed; however, 322 this characterization would not be possible by the HPLC analysis. 323
In order to evaluate the contribution of TanA Ap action during oral processing of 324 diet tannins, a complex and natural tannin, tannic acid, was incubated in the presence of 325 TanA Ap . Tannic acid is almost exclusively formed by poly-galloyl glucose derivatives 326 whose nature and complexity vary with the plant source. When TanA Ap was incubated on 327 tannic acid, an hydrolysis profile identical to the control without enzyme was observed 328 (data not shown). This was an expected result considering the minimal degradation on 329 simple gallic acid esters observed after TanA Ap action. As TanA Ap did not show activity 330 on tannic acid, it could be possible that the natural tannin substrate for this enzyme will be 331 different and still remained unknown. In addition, specific reaction conditions or the 332 presence of an unknown cofactor will be required to increase TanA Ap activity during food 333 processing. Further research will be need to known the physiological role of TanA Ap in A.1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   15 The above results indicated that, even though A. parvulum tannase action could 336 begin almost immediately after food ingestion, its contribution to tannin breakdown would 337 not be relevant. Most of the tannin digestion could result from bacterial intestinal tannases 338 rather than from oral tannase. In the microbiome of the major site of food tannin 339 hydrolysis, the intestinal tract, at least three tannase-producing bacteria have been isolated, 340 9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 Chen, A., Palaniappan, K., Chain, P., Rohde, M., Göker, M., Bristol, J., Eisen, J. 386 A., Markowitz, V., Hugenholtz, P., Kyrpides, N. C., Klenk, H. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (cross), 55 ºC (star), and 65 ºC (filled circle) in phosphate buffer (50 mM, pH 6.5); at 479 indicated times, aliquots were withdrawn, and analyzed as described in the Materials and  480 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
L. plantarum, S. lugdunensis or
Streptococcus gallolyticus (Iwamoto, Tsuruta, Nishitani, 341 1 2 3 4 5 6 7 8
